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IN THE CLAIMS: 



Please amend the claims as follows. 



1, (Amended) A lithographic projection apparatus comprising: 
a radiation system for supplying a projection beam o/radiation; 
a first object table provided with a mask holder for holding a mask; 
a second, movable object table provided wim a substrate holder for holding a 
substrate and having a physical reference surface fixeg thereto ; 

a projection system for imaging an irradiated portion of the mask onto a target 
portion of the substrate; [and] / 

a positioning system for moving /said second object table between an exposure 
station, at which said projection system caia image said mask portion onto said substrate, and 
a measurement station; [characterized in/that 

said second object table has a physical reference surface fixed thereto; 
and by:] / 

a height mapping j^stem [means] located at said measurement station and 
constructed and arranged to Measure [the height] heights , relative to said physical reference 
surface, of a plurality of pmnts on a [the] surface of a substrate held on said substrate holder 
and to create a height map thereof; 

a position/ measuring system [means] located at said exposure station for 
measuring a [the] position of said physical reference surface in a first direction substantially 
perpendicular toy^aid substrate sxirface, after movement of said second object table to said 
exposure station; and 

a/position controller [control means] constructed and arranged to control the 
position of said second object table in at least said first direction, during exposure of said 
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target portion, in accordance wit 



position measuring me 




height map and said position measured by said 



2. (Amended) Apparatus according to claim 1 wherein said controller [contn 
means] is further arranged to control the tilt of said second object table about at least on^xis 



perpendicular to said first direction in accordance with said height map. 




^ . 
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3. (Amended) Apparatus according to claim 1 [or 2] wherdn said height 



lapping system [means] comprises a level sensor constructed And arranged to 



simultaneously measure [the position] positions in said first directijm of a linear array of 



points. 



4. (Amended) Apparatus according to claim l/[2 or 3,] wherein said height 



mapping system [means] comprises a level sensor consmicted and arranged to measure a 
[the] position of a measurement beam reflected by^e surface whose position in said first 

direction is to be measured. 

5. (Amended) Apparatus acco^ing to claim 4 wherein said level sensor 

comprises: 

a projection grating; 

projection optics for/projecting an image of said projection grating onto the 

/ 

surface whose position in said^st direction is to be measured; 

a detection grating; [,] 

/ 

detection optics for focusing light reflected by said surface to form on said 

/ 

detection grating an image of said projection grating; and 

a detector for detecting Moire pattems formed by ^ [the] overlay of said 



image of said projection grating on said detection grating. 

6. / (Amended) Apparatus according to claim 5, wherein said level sensor further 
comprises/a radiation source constructed and arranged to illuminate said projection grating 



JASPER et al. -- New U 



tent Appln, 





9 m 

with polychromatic radiation and wherein said/projection optics and said detection optics 
comprise [consist essentially of] reflective opfical elements. 

7. (Amended) Apparatus ac(k)rding to [any one of the preceding claims] claim 1, 
wherein said height mapping svsteni [means] comprises a level sensor for detecting [the 
position] positions in said first diction of the surface of said substrate at said plurality of 
points and a position detector [detector means] for detecting the position in said first direction 
of said second object table simultaneously with measurements by said level sensor. 

8. (Amendedy Apparatus according to claim 7 wherein said position detector 
[detection means] compnses an interferometer. 



9. (Amended) Apparatus according to claim L [any one of the preceding claims] 
wherein said position system [means] comprises an image sensor mounted to said second 
object table and said physical reference surface comprises an upper surface of said image 
sensor. 
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10. (Amended) Apparatus according to/ claim 1 [any one of the preceding claim], 
wherein said position measuring system [mearfs] is constructed and arranged to measure the 
position of said physical reference surface^elative to the focal plan of said projection system. 



1 1 . (Amended) Apparatu^according to claim L [any one of the preceding claims] 



wherein: 



said second object table has a plurality of spaced-apart physical reference 



surfaces; and 



said height mapping system [means] is constructed and arranged to measure 



[the height] heigWs of said plurality of points relative to a reference plane defined by said 
plurality of physical reference surfaces. 

12./ (Amended) Apparatus according to claim 1 , [any one of the preceding claims] 



further comprising: 
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a second height mapping system [meansl located at said exposure station 
constracted and arranged to measure [the^ight] heights , relative to said physical reference 
surface, of said plurality of points on the surface of a substrate held on said substrate holder 
and to create a height map thereof/^d 

a height calibrator [calibration means] constructed and arranged to compare 
height maps of a single substrate prepared by each of said first and second height mapping 
systems [means] to derivora relative calibration for separate position detection systems 



provided at said measuyment and exposure stations, 



1 3 . (Amended) A method of manufacturing a devi;^ using a lithographic 

projection apparatus comprising: 

[a radiation system for supplying a projection beam of radiation; 
a first object table provided with a mask holder for holding a mask; 
a second, movable object table provided w^ith a substrate holder for holding a 



substrate; and 



a projection systeni fir kndging iVadiated portions of the mask onto target 



portions of the substrate at an expo|Ure method comprising the steps of:] 

providing a mask bearing a^attem on [to said] a first object table; 
providing a substrate having a radiation-sensitive layer on [to said] a second^ 

movable object table; [and] 

imaging [said] irradiated portions of the mask onto [said] target portions of 
[the] a substrate at an e/posure station ; [characterized by the steps of:] 

v^herem before said [step of] imaging, generating, with the second object table 
at a measurement /tation, a height map indicating [the height] heights of a plurality of points 
on the substrato^urface relative to a physical reference surface on said second object table; 
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moving the second object table to said exposure station and me/asuring [the] a 
position of said physical reference surface in a first direction substantially perpendicular to 

said substrate surface; and 

during said [step of] imaging, positioning the second obiect table in at least 
said first direction by reference to said height map and said measure^position in said first 
direction of said physical reference surface. 



15. (Amended) A method according to claim 13 [or A 4] wherein said second 
object table is positioned during said imaging [step] so as to minimize [the] square defocus 
integrated over the area of said target portion, wherein [the} defocus is defined as [comprises] 
the distance in said first direction between the focal sur^ce of said projection lens and the 

surface of said substrate. 

16. (Amended) A method abcArding-tcT^ 13 [or 14] whereim 
said [step of] imaging coAjii|yises /can i]naging a slit image onto said 

substratei[,] and 

said second object table is p(^ition^ during said imaging step so as to 
minimize [the] square defocus integrate/ ov^ the duration of said scanning exposure and 
[the] an area of said slit image, 

wherein the defocus is defined as [comprises the] a distance in said first 
direction between [the] a focal s)frface of said projection lens and [the] said surface of said 
substrate. 

17. (Amended) A method according to claim 13 [any one of claims 13 to 16] 
wherein said [step of] generating [a] said height map further comprises [the substeps of] 

measuring [the position] positions in said first direction [of each] of said 
plurality of points on said substrate surface; 
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simultaneously with each measurement of the position of e^ch [a] point on 
said substrate surface, measuring a [the] position in said first directioiyof said second object 



table; and 



subtracting each measured position of said secoiafl object table from [the] a 



corresponding measured position of said substrate surface tor generate said height map. 

18. (Amended) A method according to clain/ 1 7^ wherein [said step of] 
generating [a] said height map further comprises firs/rthe initial step of] measuring a [the] 
position in said first direction of said pHysicalyefi^^ce surface and simultaneously a [the] 
position in said first direction of said^secfcnd omect tabUe. 

19. (Amended) A method a^o^ing to claim 13, further [any one of claims 13 to 

18] comprising: 

[the further steps] befe^re [saiVstep of] generating [a] saM height map, [of:] 
measuring [height] heights of a phfraUty of points on said wafer surface adjacent [the 
perimeter] perimeters of areas j6n said substrate that are to be exposed, and 

determining ^om the measured heights parameters selected from the group 
consisting of: an overall /eight and tilt for said substrate [and/or]; local height [or tilt values 
in certain regions of saad substrate surface whose height is to be mapped] in a selected region 
of said substrate sumce whose height is to be mapped, and local tih in sa id selected region of 
said substrate suiTace whose height is to be mapped. 
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20. (Amended) A method according to claim 13, [any one of/flaims 13 to 19] 

fiirther comprising: [the step,] / 

before said [step of] generating [a] said height map, [of] calibrating a level sensor to 
be used in generating said height map by using said level sensor to make a plurality of 
measurements of the vertical position of at least one predeta^nined point on said substrate 
surface with the second object table being positioned at different vertical positions for 
different ones of said plurahty of measurements. / 

21. (Amended) A method according to/laim 20 wherein said [step of] calibrating 
is preformed for a plurality of different exAoWer areas on said substrate and respective 
resulting calibration corrections are applied>irA|^eratin\ th^ height map for exposure areas 
corresponding in type to those for which the o^libration ^as performed. 

22. (Amended) A device manufactilred apCording to the method of claim 13 [any 

one of claims 13 to 21]. / 

23. (Amended) A methott of manufacturing a device using a lithographic 

projection apparatus , comprising/ 



substrate; and / 

a measurement station having a first position detection system for measuring 

the position of said second object table at said measurement station; 

m exposure station having a projection system for imaging irradiated portions 
of the mask /nto target portions of the substrate and a second position detection system for 



[a radiation system for supplying a projection beam of radiation; 

a first object/table provided with a mask holder for holding a mask; 

a second, movable object table provided with a substrate holder for holding a 
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measuring the position of said second object table at said exposure station;^e method 

comprising the steps of: 

providing a substrate to said second object table;] 
[at said measurement station, ] generating a first hei^t map of [said] a 
substrate at a measurement station by measuring [the position] positions in a first direction, 
substantially perpendicular to the surface of said substrate, oC4 plurality of points on said 
substrate siu-face and simultaneously measuring a [the] position of [said second] a movable 
object table on which said substrate is provided by using said first position detection system; 



[at said exposure station. 



gtenerating/i second height map of said substrate at 



an exposure station by measuring [the pokitipn] positions in said first direction of said 
plurality of points on said substrate surfacb ^Simultaneously measuring a [the] position of 
said [second] movable object table using [sa&fl] a second/ detection system; and 

comparing said first and s^on^ heightyfaiaps to calibrate said first and second 

position detection systems. 

24. (Amended) A method of manufacturing devices using a lithographic 

projection apparatus comprising: 

[a radiation system for supplying a projection beam of radiation; 

a first object t-able provided with a substrate holder for holding a substrate; and 

a projectioEL system for imaging irradiated portions of the mask onto target 
portions of the substrateJ; the method comprising the steps of] 

providing a mask bearing a pattem on [to said] a first object table; 

pro/iding a substrate having a radiation-sensitive layer [to] on a [said] second 



object table; [anu] 



substrate: 




imaging [said] irradiated portions of the mask onto said target portions of the 
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said [steps of] providing a substrate and said imaging bein^epeated to expose 
a plurality of substrates; [characterized by the steps of:] 

generating, for each substrate provided to said second object table, a height 
map indicating [the height] heights of a plurality of points on the substrate surface; and 

comparing the height maps of successively provided substrates to detect 
correlations in the locations of any unflatnesses that maybe indicative of [contamination or 
systematic faults] flaws of said second object table. 

25. (Amended) A lithographic projection apparatus comprismg: 

a radiation system fof^upplying a projection beam of radiation; 



a first, movable objedt tableiimvided with a mask holder for holding a 



reflective mask; 



a second[,] object tableWovidsU with a substrate holder for holding a 



substrate; [and] 



a projection system for imaging an irradiated portion of the mask onto a target 
portion of the substrate; [characterized by] 

a height mapping [means] system constructed and arranged to measure the 
height, relative to a refe/ence surface, of each of a plurality of points on [the] a plane of a 
reflective mask held/n said mask holder and to create a height map thereof; and 

[control means] a position controller constructed and arranged to control the 
position of saidTirst object table in at least said first direction, during exposure of said target 
portion, in accordance with said height map. 
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26. (Amended) A method of manufacturing a device using a Ideographic 
projection apparatus comprising: 

[a radiation system for supplying a projection beam^f radiation; 



a first, movable object table provided with a ma^ holder for holding a 



reflective mask; 




a second object table provided with a substrate holder for holding a substrate; 



and] 



a projection system for imagi^g^^^^rSdi^ted portions of the mask onto target 



portions of the substrate; the method composing the sfteps of:] 

providing a reflective mMk bearing^ pattem to [said] a first object table; 

providing a substrate^^iavu|g a r^<^tion-sensitive layer to [said] a second 
object table; [and] 

imaging [said] irradiated portions of the mask onto [said] target portions of the 
substrate; [characterized bythe steps of:] 

before sai/'[step of] imaging, generating[ J a height map indicating [the 
height] heights of a plurality of points on the mask surface relative to a reference plane on 

said first object table; and 

iring said [step of] imaging, positioning the first object table in at least said 

first directior/by reference to said height map. 
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